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Abstract- In this study a 2D/3D CAD model of an artificial hip joint was designed using SolidWorks 
software program. Biocompatible and robust enough materials such as Titanium alloy Ti6Al4V and 
Alumina ceramic Al2O3 were used in the designing process for such parts of the hip joint. The finite 
element (FE) method was used to obtain a solution for the stress and strain distribution throughout 
series of adjacent elements, further the design was analyzed using computer-aided engineering (CAE) 
software after it was loaded with static loads 250N, 350N, and 450N respectively to check the 
durability of the design. The stability of the model was verified by static test. 
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صلختسملا  جذومن ميمصت مت ةساردلا هذه يف2D / 3D CAD  جمانرب مادختساب يعانطصلاا كرولا لصفملSolidWorks مت .
 مويناتيتلا كئابس لثم ةيافكلا هيف امب ةيوقو ايويح ةقفاوتم داوم مادختساTi6Al4V  كيماريسلا انيمولأوAl2O3 لمع يف ميمصت ةي
( ةدودحملا رصانعلا ةقيرط مادختسا مت .كرولا لصفم نم ءازجلأا هذهFE ةلسلس ربع داهجلإاو طغضلا عيزوتل لح ىلع لوصحلل )
( رتويبمكلا ةدعاسمب ةسدنهلا جمانرب مادختساب ميمصتلا ليلحت ىلإ ةفاضلإاب ، ةرواجتملا رصانعلا نمCAE لامحأب هليمحت دعب )
 ةتباث 250N ،350N ،  وN054 نم ققحتلا مت .ميمصتلا ةناتم نم ققحتلل يلاوتلا ىلع ابتخا قيرط نع جذومنلا رارقتسا ر تباث
(يكيتاتسا). 
INTRODUCTION 
Hip joint is one of the major joints in human 
body which deteriorate with time for many 
problems. Some people with hip problems need 
to artificial hip joints to help them in mobility. 
The number of individuals undergoing hip 
replacement surgery has accumulated over the 
past decades. Within the United Kingdom alone, 
quite sixty thousand total hip arthroplasties 
(THA) area unit performed annually. Out of all 
these 9000 area unit performed within the 
younger people (less than fifty seven years old 
[1]
). Most hip replacements area unit performed 
on patients plagued by arthritis, atrophic arthritis 
and vascular necrosis 
[2]
. 
The artificial hip joint is made of two main parts. 
The acetabular component (socket) replaces the 
acetabulum in the pelvis and the femoral 
component such as stem and ball head put in 
place of the femoral head 
[3]
. There are four 
combinations of femoral head and acetabular 
components. These are taken into consideration 
depending on the specifications as each 
combination has pros and cons based on patient 
condition doctor select the suitable implant. The 
first and second classification is metal-on-metal 
and metal-on-polyethylene respectively. The 
third and fourth classification is ceramic-on-
ceramic and ceramic-on-polyethylene 
respectively. The metal-on-polyethylene is 
mostly preferred choice. By adding nanotubes / 
graphen in to polyethylene is revealed improved 
mechanical properties of polyethylene and also 
increased in longevity of the implant[4, 5]. 
Surface coating, gamma irradiation and plasma 
treatment of polyethylene is alternative methods 
to improve surface properties 
[6, 7]
.  
One of the factor that effect on hip joint 
performance is friction; it differs according to 
the type of combination. In our study we 
selected ceramic-on-ceramic combination 
because it has lowest friction comparing with the 
other types of combination. As well as the 
results of up-to-date alumina-on-alumina THA 
with a metal-backed socket and a cementless 
stem were excellent after 5-year minimum 
follow-up. What is more, we have a tendency to 
believe modern alumina-on-alumina bearing 
supply a promising possibility for younger, 
active patients with osteonecrosis of the femoral 
head 
[8]
. 
Considerable dimensions and geometric 
accuracy were required in the design and any 
inaccuracy in the design will not be accepted to 
manufacture, so the dimensions of the design 
were selected according to the ISO 7206-part 1 
for classification and designation of dimensions 
[9]
. 
The design and the final inspection of these 
implants have play vital role in whole procedure 
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of the manufacturing, and of course in their 
tendency to failure. For this reason authoritarian 
international standards were instituted to protect 
and make reliable the design and the machining 
of them 
[10]
.  
A three-dimensional model of total hip was 
framed such as to help in simulation of location 
of both the femoral and acetabular components. 
The model is summarized as shown in Figure1. 
 
 
Figure 1: A three-dimensional model of total artificial hip 
components. 
 
Methodology 
SolidWorks software program (version 2016) 
was used for the modeling and simulation of an 
artificial hip joint. The finite element (FE) 
method was used to obtain a solution for the 
stress and strain distribution throughout series of 
adjacent elements when the applied loads, 
boundary conditions and material properties are 
known, later the design was analyzed using 
computer-aided engineering (CAE) software. 
The following sections describe the design 
process and the loading conditions of the total 
hip components. The modeling and simulation 
processes of an artificial hip joint are shown in 
Figure4. 
 
Figure 4: Modeling and simulation processes of total 
artificial hip joint components. 
A. Acetabular Component Design  
The acetabular component (socket) was designed 
using SolidWorks software program. It was 
made of metal shell with five screws and inner 
liner of Alumina ceramic Al2O3 that provides the 
bearing surface with diameters of the inner 
surface of the metal shell was 38 mm and outer 
surface of the Alumina ceramic Al2O3 was and 
37 mm. This structure allows 0.5 mm between 
them. The outer diameter of the acetabular 
component (socket) was assumed to be 44 mm. 
As well as the diameters of the ball head and the 
inner surface of the Alumina ceramic Al2O3 
were 30 mm and 31 mm respectively, giving a 
distance of 0.5 mm between the ball head and 
the inner surface of the Alumina ceramic Al2O3.  
The design of an acetabular component is shown 
in Figure2, and its dimensions are shown in 
Figure 3.  
 
Figure 2: CAD model of an Acetabular Component using 
SolidWorks software. 
 
 
Figure 3: Acetabular component dimensions, metal shell 
dimensions on the left, and inner liner dimensions on the 
right.                               
B. Femoral Component Design    
The 3D CAD model of femoral component was 
design using SolidWorks software program as 
shown in Figure 5.  
 
 
Figure 5: CAD model of femoral component design 
using SolidWorks software. 
 
It was made of stem and ball head that connect 
the stem with the acetabular component. The 
femoral stem length was 160 mm, the width was 
46.21 mm, the neck length was 11.77 mm, the 
neck diameter was 15.48 mm, the thickness of 
the stem was 14 mm, and ball head diameter was 
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30 mm. All dimensions of the femoral 
component design are shown in Figure 6. 
                                   
 
Figure 6: Femoral component dimensions. 
C. Loading Conditions                                        
After the design of all parts of hip joint, CAE 
was used to do a number of static analysis and 
examination for all parts after loading them with 
static loads 250N, 350N, and 450N in order to 
see if these loads through analysis are in the 
frames of standards. The analysis was performed 
on the most important parts of the hip joint, the 
femoral head according to the ISO 7206-part 10 
and acetabular component according to the ISO 
7206-part 12 
[11]
.   
Static analysis was carried out by using 
SolidWorks software program (version 2016) for 
both models of femoral and acetabular 
components, these models simulate a human 
during upright standing. When weight is equally 
distributed across each legs throughout upright 
standing, the burden supported at every hip is 
simple fraction the burden of the body segments 
higher than the hip, or concerning third of total 
body weight 
[12]
. Load applied on hip joint is 250 
N for 75 kg weight person. The femoral stem 
and metal shell were assumed to be fixed, and 
hence whole load falls the center of the femoral 
head and inner surface of Al2O3. 
There are three parameters effect on hip joint 
performance; these parameters are the load (F), 
area of femoral head (A) and length of femoral 
stem (L). As the femoral stem of hip joint is 
fixed and the area of hip joint is known the stress 
(б) of hip joint is directly proportional with load 
as shown in equation (1) below: 
 
  б = F/A                                    (1) 
 
The area (A) of femoral head is calculated from 
the equation of ball area (r = 15mm):                                      
A = 4πr2. Also, the strain (↋) is directly 
proportional with load; as the length of femoral 
stem (L) is constant, when the load is increased 
the change in length (∆L) is increased, thus the 
strain increased as shown in equation (2) below: 
 
     ↋ = ∆L/L                           (2)  
 
 
Figure7: The distribution of force on the femoral head 
 
Materials and Method 
The materials were selected according to the 
standards, the acetabular component was made 
of a metal shell of Titanium alloy Ti6Al4V with 
an inner liner was made of Alumina ceramic 
Al2O3 that provides the bearing surface and the 
femoral stem was made of Titanium alloy 
Ti6Al4V as in shell in acetabular component and 
the ball head was made of Alumina ceramic 
Al2O3. The important material parameters 
required for the FEM analysis are the elastic 
modulus and the Poisson ratio 
[13]
. Table one 
illustrate properties for the materials in this 
study. Here modeling has been done as linear 
elastic isotropic. 
 
The total number of elements for the FE model 
of femoral component was approximately 62704 
elements with element size 2 mm and the total 
number of nodes was 92415. For the FE model 
of ace tabular component the total number of 
elements was 13068 elements with element size 
2 mm and the total number of nodes was 22675.  
 
TABLE 1: MATERIALS PROPERTIES 
 
 
We used the solid tripartite mesh because it’s 
faster than the quadratic mesh. The used mesh 
types which are shown in Figure 8. 
  
60 
 
 
Figure 8: Femoral and ace-tabular components with solid 
tripartite mesh. 
 
Results and Discussion 
Figure 9, (a, b, c), Figure 10, (e, f, g), and Figure 
11, (i, j, k) show the stresses, strain, and 
displacement of femoral head under static load 
250N, 350N and 450N, respectively. The red 
and green colors at the connected point between 
the ball head and the top edge of the neck 
represent the critical area because most of the 
applied force operates in this area. 
 
 
 
 
Figure9: (a), (b) and (c) Maximum and minimum stresses 
under static loads 250N, 350N and 450N, respectively, (d) 
shows the histogram of stress analysis. 
 
Figure 12, (m, n, o), Figure 13, (p, q, r) and 
Figure 14, (s, t, u), show the stresses, strain, and 
displacement of acetabular component under 
static load 250N, 350N and 450N, respectively. 
The maximum stress and strain distribute in the 
inner surface of Alumina ceramic because of the 
reaction force of the ball head during standing 
distributes in all the inner surface of Alumina 
ceramic Al2O3, and the maximum displacement 
covers the all area in the inner surface of 
Alumina ceramic Al2O3 because a distance of 0.5 
mm between the outer diameter of the Alumina 
ceramic Al2O3 and the metal shell. 
The results of maximum and minimum stresses, 
strain, and displacement of femoral head under 
static loads 250N, 350N and 450N are shown in 
Figure 9, (d), Figure10, (h) and Figure11, (l), 
comparing the three static loads the stress, strain 
and displacement of femoral head are directly 
proportional. As stress proportional with strain, 
in the area where the stresses are on critical 
value, there is a large strain, and from that area 
the crack of the joint will be occurred, and this is 
will lead to total damage of the hip joint. 
 
 
 
 
Figure 10: (e), (f) and (g) Maximum and minimum strain 
under static loads 250N, 350N and 450N, respectively, (h) 
shows the histogram of strain analysis. 
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Figure11. (i), (j) and (k) Maximum and minimum 
displacement under static loads 250N, 350N and 450N, 
respectively, (l) shows the histogram of displacement 
analysis. 
 
Figure12: (m), (n) and (o) Maximum and minimum stresses 
under static loads 250N, 350N and 450N, respectively. 
 
 
Figure13: (p), (q) and (r) Maximum and minimum strain 
under static loads 250N, 350N and 450N, respectively. 
 
Figure14: (s), (t) and (u) Maximum and minimum 
displacement under static loads 250N, 350N and 450N, 
respectively. 
 
Conclusion 
This paper summarizes the use of the software 
modeling in the design and analysis of an 
artificial hip joint. SolidWorks software was 
used in this design and analysis procedures of all 
parts of hip implant. Titanium alloy Ti6Al4V 
and Alumina ceramic Al2O3 were used in the 
designing process for all parts of the hip joint, 
then hip joint is static examined using FE 
method.  
Von Mises stress, strain, and displacement 
distribution are acquired from above 
examination results are within the acceptable 
range (blue and green colors), but if the static 
load was increased to values higher than 450N 
the stress, strain and displacement of femoral 
head are directly proportional with the static load 
so the risk ratio of hip joint damage will 
increase. Thus, it is terminated that hip joint 
style investigated during this study area unit safe 
against fracture failure, and may be factory-
made in Sudan. 
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